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Abstract— Fish protein concentrate (FPC) is a concentrated protein derived from fish meat and its 
characteristics are highly dependent on the methods of preparation used. The purpose of this study was to 
determine the effect of different preparation treatments on the physico-chemical properties of niletilapia 
(Oreochromisniloticus) fish protein concentrate.The nile tilapia used. Was collected alive from shrimp ponds in 
Pangkep Regency, South Sulawesi, Indonesia. The fish was then filleted, red meat trimmed and white meat was 
chopped in a commercial food processor and stored in a zipped plastic bags at — 20°C until used. The meat was 
divided into two groups for treatments of pressing and unpressing. The pressed and unpressed chopped meat 
was then washed with 90% ethanol (1:2 or 1:4, w/v) for 20, 40 and 60 min. to remove lipid and pigments. The 
treated meat was then dried overnight in a forced-air convection oven. The dried nile tilapia FPC was then 
analysed for its physico-chemical characteristics. The results indicated that the preparation treatments 
significantly affected the characteristics of the nile tilapia FPC. The best results from each treatment showed 
characteristics according to FAO standards (1976) namely the ratio of washing ratio 2:1 with an extraction time 
of 60 minutes and the variation of the sample before extraction was pressed having a chemical composition of 
85.32% protein, 0.55% fat, water content of 11.91% and ash content of 1.25%. And the physical characteristics 
include 85.9% whiteness, 2.43 g/ml water absorption and 2.37 g/ml oil absorption. The results of this study 


indicated that the tilapia fish FPC is classified as type A FPC and is well applied to food ingredients. 


Keywords—Ethanol, fish protein,pressing, washing, water absorption, whiteness. 


I. INTRODUCTION 


Tilapia (Oreochromis niloticus) is considered as a pest 
in shrimp and milkfish ponds in Indonesia and is often not 
utilized. In fact, this species of fish has good potential to 
be utilized for direct fresh consumption and converted into 
different processed products which will give additional 
income especially to fish farmers. Utilization of tilapia as a 
source of animal protein is one alternative in order to 
provide a nutrient-rich food source due to its high protein 
content. Protein is very important for cell structure, the 
function of antibodies to fight infection, regulation of 
enzymes and hormones, growth and repair of body tissues. 
Protein is also a major product in the food industry, and 
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can also be provided in the form of protein concentrates. 
One of the opportunities that can be developed is to 
develop good nutritional products through fortification 
with fish protein concentrates [1]. 


Fish protein concentrate (FPC) is a fish flour product 
produced by reducing fat and water, resulting in a high 
protein content and easy to apply to low protein foods [9]. 
[6] Classified FPC into three types, namely Type A, which 
is tasteless, colorless and odorless, with a minimum protein 
content of 67.7% and a maximum fat content of 0.75%. 
Type B has a fat content of less than 3% and the fish flavor 
is still noticeable in most of the foods to which it is added. 
FPC Type C, is fish flour which is produced hygienically, 
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with a fat content greater than 3%, as well as a strong fish 
odor and flavor. 


In producing FPC, many researchers use organic 
solvents such as ethanol to extract the fat. [15] used 
ethanol to extract fat from skipjack roe and produced FPC 
with protein and fat contents of 70.01% and 6.09%, 
respectively. [16] produced FPC from rainbow runner fish 
using 90% ethanol and obtained the protein and fat of 
85.34% and 3.28%, respectively, while [17] obtained the 
protein and fat of 77.34% and 1.22%, respectively, for the 
same species of fish. [20] using 95% ethanol to produce 
FPC from tuna and red with the protein and fat of 79.90% 
and 2.83%, and 80.72% and 3.75%, respectively. 


Generally all fish can be used as raw materials for 
making FPC, but non-economical or low economic value 
fish are the main choice to be use properly, and even 
dumping the fish which causes pollution around the fish 
farming ponds. Therefore, this study produced the FPC 
from tiliapia and characterizedits physico-chemical 
properties in search of a better utilization of the tilapiafish. 


I. RESEARCH METHOD 

1.1 Research Object and Location 

The object of this research is fish protein concentrate 
from tilapia fish which is barely utilized by the shrimp and 
milkfish pond farmers. The research was carried out from 
September 2020 to January 2021. The FPC production was 
carried out at the Fishery Product Technology Laboratory 
of the Faculty of Marine and Fisheries Sciences, 
Hasanuddin University. Chemical analysis was carried out 
at the Biochemistry Laboratory of the Department of 
Product Processing Technology, Pangkep State 
Agricultural Polytechnic. The physical properties analysis 
of the FPC was carried out at the PKP Integrated 
Laboratory, Hasanuddin University. 
1.2 Research Design and Methods 

The experiment was carried out using a completely 
randomized factorial design (CRFD) with 3 factors, 
namely: (1) extraction ratio (2:1 and 4:1 w/v); 
(2)extraction time (20, 40 and 60 min); (3) pressing 
(unpressed and pressed). Each treatment was repeated 3 
times. 
a. Research procedure 

e Sample preparation 

Tilapia fish was filleted and skinned, and the skinless 
meat was then crushed. The minced tilapia meat was 
washed 3 times using cold water at a ratio of 1:4. Draining 
was done between washing, after the last draining 
completed the meatwas then packaged and frozen-storage 
prior to use for the FPC preparation.Prior to lipid 
extraction, the frozen minced tilapia meat was thawed 
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under room temperature and upon thawed the fish meat 
sample was then divided into two groups. One group was 
then pressed to remove part of free water while the other 
was not. Both groups were then subjected to lipid 
extraction using 90% ethanol with a ratio of solvent to fish 
meat was 2:1 and 4:1 with extraction time of 20, 40 and 60 
minutes with a regular stirring. The solvent was changed 3 
times to prevent saturation. After a series of lipid 
extraction, the sample was dried in a forced-air convection 
oven at 65°C for 18 hours. The dried fish meat was grinded 
and sieved through a 100 mesh sieve to obtain the FPC 
flour. 

b. Physico-chemical analysis of the tilapia FPC 


Chemical Parameters 
Moisture content 


The moisture content analysis was carried following 
the Indonesian National Standard, SNI 2354.2:2015 [4] 
using a vacuum oven method.Firstly, an empty cup was 
placed in the oven and dried at 95°C-100°Cfor at least 2 
hours. After that, the empty cup was transferred to a 
desiccator for 30 minutes until it reached room temperature 
and weighed (A). Then weigh as much as + 2 g of the FPC 
flour in the cup (B).The cup containing the FPC sample 
was then dried in a vacuum oven at a temperature of 
100°C, with an air pressure of not more than 100 mmHg 
for 5 hours. Then the cup was transferred using a clamp 
into a desiccator and allowed to stand for + 30 minutes and 
then weighed (C). The moisture content was as follows: 


100 
B-A“ 





Moisture content (%) = 


A : weight of empty cup (g) 
B : weight of cup + initial sample (g) 
C : weight of cup + dry sample (g) 


Ash content 


The ash content was analysed according to the SNI 
2354.1:2010 method [3]. The porcelain ashingcup to be 
used was pre-dried in the oven for 30 minutes at 100-105 
°C, then cooled in a desiccator and weighed (A). 
Approximately 2 g of the FPC flour were transferred into 
the driedashing cup and the weight was taken (B), then 
burned on a burner flame untilsmokeless and continued 
with ashing in a furnace at a temperature of 550-600 °C 
until complete ashing (occasionally the door of the furnace 
was opened slightly to allow oxygen to enter). The sample 
was cooled in a desiccator and weighed (C). The sample 
was repeatedly heated in the furnace until a constant 
weight was obtained. Ash content was calculated by the 
formula: 
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B-A 

A : Weight of empty porcelain ashing cup (g) 

B : Weight of porcelain ashing cup with sample before 
drying (g) 

C : Weight of porcelain ashing cup with sample after 
drying (g) 


Protein content 





Ash content(%) = x100 


Analysis of protein content was carried out in 
accordance with SNI 01.3254.4:2006 [2] with a slight 
modification. A sample of an approximately 2g of the FPC 
flour was weighed on a weighing paperand put in a 
digestion flask and thentwo catalyst tablets and a few 
boiling stones were added. Slowly add 15ml concentrated 
H2SO0; (95%-97%) and 3ml H202 and let to stand for 10 
minutes in the acid chamber. Destruction was then carried 
out at 410°C for + 2 hours or until the solution became 
clear, let to stand until it reached room temperature, then 
50-75ml of distilled water was added. An erlenmeyer 
containing 25 ml of a 4% H3BO3 solution and a few drops 
of indicator was prepared to collect the distillate. The 
digestion flask was installed on a steam distillation 
apparatus and 50-75ml of sodium hydroxide solution were 
added. The distillation was until the volume of the 
distillate reached a minimum of 150ml The distillate was 
then titrated with a standardized 0.2 N HCI until the color 
changes from green to neutral gray (natural gray). A blank 
was also prepared following the same procedure as for the 
sample. The protein content was calculated using a 
formula: 

protein content(%) 
(Va —Vp)x HCI x N HCI x 14, 007 x 5,6 x 100 


W x 1000 
Va : ml HCI for sample titration 
VB : ml HCI for blank titration 
N : Normality of standard HCI used. 
14.007 : Atomic weight of nitrogen. 
5,6 : Protein conversion factor for fish [11] 
W : Sample weight (g) 


Protein content is expressed in units of g/100 g 
sample (%). 


Fat content 


Fat content analysis was carried outby a Soxhlet 
method in accordance with SNI 2354-3:2017 [5].Carefully 
weigh 2 g (A) of the sample in a 250 mL beaker. Add 20 
mL of concentrated p.aHCI and 30 mL of water and a few 
boiling stones. Then cover the beaker with a watch glass 
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and simmer forl 5minutes. Rinse the watch glass with hot 
water. Then prepare a funnel and coarse filter paper. Strain 
hot and rinse with hot water until the pH is neutral or equal 
to the pH of the rinse water. Then dry the filter paper and 
its contents in an oven at a temperature of 100°C for 
15minutes. Take the weight of an empty round bottom 
flask (B g) and then insert the filter paper into the fat 
sleeve. Put 50 mL (or according to Soxhlet's volume) of 
diethyl ether into a round bottom flask. Then insert the fat 
sleeve into the Soxhlet extractor and install the Soxhlet 
circuit correctly. Extract the fat with an extraction cycle of 
about 5 minutes/cycle for 4 hours. Then vaporize the 
solvent in a round bottom flask to dryness. Put the round 
bottom flask containing fat into the oven at 105°C for + 2 
hours to remove the remaining solvent and moisture. Cool 
the round bottom flask containing fat in a desiccator for 30 
minutes. Weigh the round bottom flask containing fat (C g) 
to a constant weight. Calculate the fat content using a 
formula: 


(C - B) 


Fat content (%) = ~y * 100 


A : sample weight (g) 
B : weight of empty round bottom flask (g) 
C : weight of round bottom flask and extracted fat (g). 


Physical Parameters 
Whiteness 


The whiteness of the tilapia FPC flour was carried out 
according to [10]; [13].Measurement of sample whiteness 
was done digital colometer (T-135).The value of L 
(brightness), a (red-green mixed chromatic color) and b 
(blue-yellow mixed chromatic color) was measured by 
attaching the colometer sensor to the sample. The 
whiteness was calculated using the L, a and b values 
obtained using a formula as follows [14]: 





W(%) = 100 — y (100 — L)? + a24 b? 
W : degree of whiteness 
L : brightness 


a : red-green mix color (red if marked + and green 
marked -) 


b : blue-yellow mix color (yellow if marked + and blue if 
marked -) 


Water absorption capacity[7] 


A sample of 1 g was put into a centrifuge tube and 
then added with 10 mL of distilled water, then stirred with 
a spatula and allowed to stand at room temperature for 30 
minutes. After that it was centrifuged at 3,000 rpm for 30 
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minutes. The volume of unabsorbed water was then 
measured with a measuring cup. 
(W1 + AW) — (W2 + UAW) ml 
WAC = ___—_ 
weight of sample (g) 
WAC : water absorption capacity (ml/g) 
AW : absorbed water (ml) 
UAW : unabsorbed water (ml) 
W1 _ : initial weight (g) 
W2 : final weight (g) 


Oil absorption capacity[7]| 


A total of 1 g of sample and 10 mL of vegetable oil 
were put into a centrifuge tube, then stirred with a spatula 
for 1 minute. After being allowed to stand for 30 minutes, 
the tube was centrifuged at 3,000 rpm for 30 minutes. The 
volume of unabsorbed oil was measured with a measuring 
cup. 
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(W1 + AO) — (W2 + UAO)ml 

OAC -———— 
weight of sample (g) 

OAC : oil absorption capacity (ml/g) 
AO : absorbed oil (ml) 
UAO : unabsorbed oil (ml) 
W1 _ : initial weight (g) 
W2 : final weight (g) 


HMI. RESULTS AND DISCUSSIONS 

In general the chemica characteristics of food consist 
of protein, fat, water and ash contents which are also 
referred to as the proximate composition. In food analysis, 
chemical composition analysis is needed to find out the 
important components in foodstuffs. In addition, analysis 
of the physical characteristics of food ingredients is also 
very important, which consist of water absorption, oil 
absorption and whiteness, among others. The proximate 
composition of the tilapia FPC is presented in Table 1. 


Table 1. The chemical characteristics of the niletilapia FPC 





Preparation treatments 


Proximate composition (%) 





Meat to Solvent Extraction Pressing 








Ratio (w/v) time (min) treatment Mur Api Pee kapie 
20 UP 11.36+0.93° 1.67+0.26° 84.06+0.74° 2.1540.11° 
P 11.36+0.93° 1.67+0.26° 84.06+0.74° 1.11+0.37%4 
1:2 40 UP 11.47+40.71° 1.6740.22? 84.38-40.89 1.71+0.01° 
P 11.47+40.71° 1.6740.22? 84.38-40.89 0.77+0.21% 
60 UP 11.91+40.51° 1.25+0.15? 85.32+0.61* 0.76+0.04% 
P 11.91+40.51° 1.25+0.15? 85.32+0.61* 0.65+0. 13° 
20 UP 10.32+0.18* 1.26+0.15? 85.58+0.3 1* 2.10+0.31* 
P 10.32+0.18* 1.26+0.15? 85.58+0.3 1° 0.59+0.02° 
1:4 40 UP 10.54+0.21° 1.26+0.15? 86.18+0.19* 1.21+0.16° 
P 10.54-40.21 1.2640.15? 86.18-40.19” 0.57+0.03° 
60 UP 11.22+0.30* 1.330.093 84.41-40.28" 0.60+0.01° 
P 11.22+0.30* 1.33+0.09? 84.41-40.28" 0.56+0.01° 
Type A Max. 10.0 - Min. 67.5 Max. 0.75 
4 Type B Max. 10.0 - Min. 65.0 Max.3.0 
Type C Max. 10.0 - Min. 60.0 Max. 10.5 





UP = unpressed; P = pressed 


Valuesare means + standard deviations 


Different letters showed significant differences between treatments at a = 0.05 
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The main parameters for the guality standard of FPC 
according to FAO [6] namely protein content, fat content, 
aroma, and whiteness degree.The proximate composition 
in Table 1 showed that the nile tilapia FPC produced in 
this study contained 10.32 — 11.91% moisture, 1.25 — 
1.67% ash, 84.06 — 86.18% protein and 0.56 — 2.15% lipid. 
The ANOVA results indicated that the three treatment 
applied did not affect (p>0.05) the moisture, ash and 
protein, but they did affect (p<0.05) the lipid content of the 
FPC. The moisture content was slightly higher than the 
FAO standard, while the protein and lipid contents met the 
FAO standard for FPC of type A and B.However, FAO did 
not set any standard for ash content of the FPC. The higher 
moisture content than the FAO standard indicated that the 
drying duration of 18 hours at 65°C was not sufficient and, 
therefore either drying time should be prolonged to about 
24 hours or the drying temperature be increase to 70°C. 
Another possibility is that the out-flow of air from the oven 
might have been too slow, causing the air within the oven 
became relatively saturated by the water vapour, and 
hence, slowing the drying rate. Drying duration and 
temperature as well as air movement are the primary 
determinant of the moisture content of a substance.Longer 
drying duration and higher temperature as well as higher 
flow rate of the air remove more free water from a material 
being dried.A lower moisture contents of the FPC have 
been reported for rainbow runner(Elagatisbipinnulatus) 
(8.26%) [16] and 6.34% [17], and for nile tilapia (O. 
niloticus)(9.34%) [18].The differences in the moisture 
content might have been due to the differences in the 
mothods used to produce the FPCs. 


In this study, higher ratio of solvent to meat tended to 
lower the ash content.Higher volume of solvent (ethanol) 
used enables more minerals contained in cytoplasm to be 
taken out of the cells, resulting lower ash contents. Ethanol 
is capable of breaking the cell wall and solubilizing the 
cytoplasm together with substances contained in it, 
including mineral dispersed in the cytoplasm. He ash 
content of the nile tilapia FPC of this study was generally 
comparable to that of the rainbow runner FPC (1.22%) 
reported by [16]. 


The protein content of the FPC produced in this study 
was far above the minimum threshold of the FAO 
standard. The similarity of the protein content indicated 
that the treatments applied in this study did not 
compromise the nile tilapia FPC protein content. The 
protein in the FPC is primarily of the myofibril type 
because stroma protein is low (about 2.2%) in fish muscle, 
and water soluble sarcoplasmic protein (about 2-3.5% in 
teleost fish) is removed during washing. The protein 
content of the FPC of the present study was also much 
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higher than those reported by [18] for rainbow runner 
(77.34%) and by [18] for nile tilapia (61.13%) FPCs. 


Based on the lipid content, the FAO [6] classified the 
FPC into three types, namely type A (max.0.75%), B 
(max.3%) and C (max. 10.5%). The results showed that the 
lipid content of the tilapia FPC in this study was 0.54- 
2.15%, and therefore the FPC falls into type A and B 
categories. Higher solvent volume and longer extraction 
time as well as application of pressing produced lower 
lipid contents of the nile tilapia FPC. The results of 
ANOVA showed that the ratio of meat to solvent, 
extraction time and pressing treatment exerted significant 
(p<0.05) effects on the lipid content of the nile tilapia FPC. 
A significant (p<0.05) interaction between the three 
treatment factors was also existed. Tukey test also 
indicated the presence of significant (p<0.05) differences 
in the lipid contents of the FPC between treatments (Table 
1). For the 1:2 (w/v) ratio, only extraction time of 60 
minutes with pressing produce the FPC of type A. The 
FPC of the 40 minutes extraction with pressing (0.77%) 
potentially becomes the type A of FPC if the pressing force 
is greater. Similarly, the FPC of the 60 minutes extraction 
without pressing (0.76%) may also become type A if the 
extraction time is longer. In contrast, for the 1:4 (w/v) 
ratio, only the FPC of the 20 and 40 minutes extraction 
time without pressing falls into type B category, whereas 
the rest falls into type A category of the FPC. This study 
also proves that pressing treatment helps reducing the lipid 
content of the FPC. If the purpose is to produce type A 
FPC, pressing should be a better choice of treatment in 
lowering the lipid of the FPC rather than increasing the 
volume of the organic solvent used. On the other hand, if 
the target product is type B FPC and considering that the 
moisture content between unpressed and pressed FPC was 
similar, there seems to be no need to apply pressing which 
will also reduce working load. 


Physical characteristics such as degree of whiteness, 
water and oil absorption capacities are also important in 
determining the quality of the FPC. Table 2showed that the 
degree of whiteness of the tilapia FPCs was similar 
(p>0.05), meaning that all of the treatments applied caused 
no deleterious effects on the whiteness parameter. The 
whiteness degree of 85.9-88.2% is considered to be high, 
indicating a good performance of the processes used in the 
production of the nile tilapia FPC. Low degree of 
whiteness of an FPC is generally caused by several factors, 
such as the presence of heme protein, high fat content, too 
long drying at low temperature which permits fermentation 
process to take place, as well as too high drying 
temperature which facilitates browning reactions. 
According to [14], [15] and [18],extraction of meat 
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removed fat, pigment, blood, and other components that 
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affect odor and color. 


Table 2. The physical characteristics of the niletilapia FPC. 





Preparation treatments 


Physical parameters 











roe ee Eemecnee:. ena Whiteness (%) WAC (ml/g) OAC(ml/g) 
Paha) time (min) treatment 

20 UP 86.741.418 2.144#0.012 2.39-0.062 

P 86.2+0.40° 2.14+0,01° 2.39+0.06" 

1:2 40 UP 86.3+0.72° 2.21+0.03" 2.51+0.11? 

P 86.041.718 2.2140.032 2.5140.112 

60 UP 86.541.518 2.4340.03 2.37+0.10° 

P 85.9+1.05° 2.4340.03? 2.37-0.108 

20 UP 87.3+0.38° 2.2140.02” 2.5140.168 

P 86.6+0.10* 2.2140.02” 2.5140.168 

1:4 40 UP 85.9+0.53* 2.54+0.05? 2.41-0.05a 

P 86.8+0.17* 2,54+0.05 2.41+0.05 

60 UP 88.241.63" 2.2040.04? 2.440.068 

P 86.440.31" 2.2040.04? 2.440.068 
Type A Max - - - 
FAO Standard Type B Max - - - 
Type C Max - - - 





UP = unpressed; P = pressed 


Valuesare means + standard deviations. 


Different letters showed significant differences between treatments at a = 0.05 


Water and oil absorptionsare the determinant factors 
of shelf life of the FPC. Water absorption capacity (WAC) 
is the ability to hold water from outside and inside in food 
ingredients, whereas oil absorption capacity is the ability a 
material to interact with oil. The results showed that the 
WAC values of the tilapia FPCswere distributed in a very 
narrow range between 2.14 and 2.54 ml/g, and 
werestatistically similar (p>0.05) for the whole treatments 
given.Similarly, the oil absorption capacity (OAC) was 
also unaffected by the treatments applied during the 
production of the tilapia FPC. Like the WAC, the values of 
OAC were also distributed in a very narrow range between 
2.37 and 2.51 ml/g, and were statistically similar (p>0.05) 
for the whole treatments given. Therefore, the treatments 
used in this study did not affect (p>0.05) the WAC and 
OAC of the tilapia FPC. According to [15], water 
absorption of FPC shows interaction of protein with water, 
while [19] stated that oil absorption showsinteraction of 
protein and oil. The WAC of the FPC flour in this study 
was lower than that of carbohydrate flours which is 
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generally 3 times higher than their weight. Therefore, 
protein concentrate flour has lower capacity to absorb 
water as compare to carbohydrate flour. So far, there has 
not been any standard set for the WAC and OAC of the 
FPC. 


IV. CONCLUSIONS 


The present study demonstrated that the ratio of 
solvent to fish meat, extraction time and pressing treatment 
did not affect the physic-chemical parameters of the nile 
tilapia FPC, except for the lipid content. Treatments and 
method used in the preparation of the nile tilapia FPC were 
successful in producing good quality of type A and B FPC. 
Nonetheless, some improvements are still required in order 
to produce an even better quality of the FPC, especially 
related to the method of reducing the moisture to meet the 
standard outlined by the FAO. The FPC from this study 
also demonstrated that nile tilapia is a good raw material 
for the FPC production. 
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